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© Method for producing a semiconductor device. 



© A method for producing a semiconductor device 
comprises the steps of: forming an insulating layer 
(13) on a semiconductor substrate (11) provided with 
an electrode portion (12). forming a barrier metal 
layer (16) over the surface, forming a groove (18) in 
the barrier metal layer (16) so that the groove sur- 
rounds the electrode portion (12). introducing a stop- 
per material (20) in the groove (18). forming a bump 
(22) on the barrier metal layer (16b) positioned on 
the electrode portion (12). and removing the barrier 
metal layer (16a) outside of the stopper (22). The 
stopper material (20) prevents the removal of the 
inside barrier metal layer (1 6b) during the removal of 
the outside barrier metal layer (16a). 
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Method For Producing A Semiconductor Device 



The present invention relates to a method for 
producing a semiconductor device. More particu- 
larly, it relates to a method for producing a semi- 
conductor device having a metal bump which is 
used as a terminal electrode. 5 

The terminal electrodes of a semiconductor 
device are usually formed by, for example, an Au 
wire terminal electrode. However, the electrode 
structure wherein a large metal projection or bump 
is adhered to the electrode portion of the semicon- to 
ductor device, and wires are connected to the 
projecting metal, is known. 

Since the semiconductor device having the 
bump does not require wire bonding, the thickness 
of the package of the semiconductor device is is 
reduced and the size of the bonding pad (electrode 
region) of a semi-conductor chip is made consider- 
ably smaller. Accordingly, a semiconductor device 
having a bump has an advantage in that it can be 
assembled in an IC card in a flat shape package 20 
and the size of the semiconductor per se is consid- 
erably reduced. Further, since a composite device 
is formed by providing a plurality of semiconductor 
chip electric circuits, "rt can be packaged with a 
high degree of density. Nevertheless, the metal 
bump per se must have a good adhesion to an 
electrode. 

A method for producing such a semiconductor 
device comprises the steps of: 

forming an insulating layer on a semiconductor 30 
substrate provided with an electrode portion, 

forming a barrier metal layer over its entire 
surface, 

forming a bump on the barrier metal layer 
positioned over the electrode portion, and 

removing the barrier metal layer using the bump 
as a mask. 

According to this invention such a method 
comprises the additional steps of: 

forming a groove in the barrier metal layer so 
that it surrounds the electrode portion, and 

filling the groove with a stopper material, the 
stopper material, preventing removal of the barrier 
metal layer inside the stopper material filled groove 
during the removal of the barrier metal layer out- 
side the groove. 

An advantage of the present invention is that it 
provides a method for producing a semiconductor 
device wherein the bump is firmly connected to the 
electrode or wiring and it is formed with improved so 
reliability. 

Layers of Ti having thickness of 100 A, Cu 
having a thickness of about 2 um, and Ni having a 
thickness of about 1000 A are preferably used as 
the barrier metal layer. The width of the groove is 
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determined by the etching-proof properties thereof 
and the required bump size, etc. The width of the 
groove determines the width of stopper material, 
and large width of the stopper material increases 
the stopper functinon. However, if the width of the 
stopper is too large, the process of plating the 
stopper material becomes difficult 

Examples of methods fn accordance with this 
invention will now be described and contrasted with 
the prior -art with reference to the accompanying 
drawings, in which:- 

Rgures 1A to 1E are cross-sectional views 
for explaining a conventional method of producing 
such a semiconductor device; 

Figures 2A to 2E are cross-sectional views 
explaining the steps in a first example of the 
present invention; 

Figure 3 is a plan view of Figure 2C; 

Figures 4A to 4C. and Figure 5, show cross- 
sectional views explaining the steps in a second 
and third example of the present invention; 

Figure 6 is a schematic plan view of Figure 

4A; 

Figures 7A to 7D are cross-sectional views 
explaining the steps in a fourth example of the 
present invention; 

Figure 8 is a schematic plan view of Figure 

7A; 

Figures 9A to 9B are cross-sectional views 
explaining the steps in a fifth example of the 
present invention; and. 

Figures 1 0A to 1 0B are cross-sectional views 
explaining the steps in a sixth example of the 
present invention. 

Figures 1A to 1E are cross-sectional views 
explaining a conventional method for providing the 
above-mentioned device. 

As shown in Figure 1A, an aluminium electrode 
2 is provided on a semiconductor substrate 1 and a 
phosphosificate glass (PSG) film 3 is formed over 
the substrate 1 and the aluminium electrode 2 by a 
chemical vapour deposition (CVD) process. A sili- 
con dioxide (S1O2) film may be used instead of the 
PSG film 3. 

Then, as shown in Figure 1B, a first resist film 
is coated on the PSG film 3, and exposed and 
developed to form a first resist pattern 4 having an 
opening at a required position above the electrode 
2. The PSG film 3 is then etched, using the resist 
film pattern 4 as a mask, so that an opening 5 is 
formed above the electrode 2. 
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The resist film pattern 4, Is then removed, as 
shown in Figure IC. and a barrier metal film 6 about 
3 urn thick and consisting of three layers of 
titanium (Ti). copper (Cu). and nickel (Ni) respec- 
tively, is formed on the exposed PSG film 3 and 
electrode 2 by a sputtering process. 

Then, as shown in Figure 1D, a second resist 
film is coated on the barrier metal film 6. and 
exposed and developed so that a second resist film 
pattern 7 having an opening larger than the open- 
ing 5 is formed at the opening 5. Then, a solder 
(PbSn) bump 8 is formed at the opening 5 by a 
plating method using the resist film pattern 7 as a 
mask. During the plating, the barrier metal film 6 is 
used as a plating conductive layer. 

Then, as shown in Figure 1E the resist film 
patern 7 and the exposed barrier metal film 6 are 
removed, using the solder bump electrode 8 as a 
mask, by a wet etching method using a mixture of 
nitric acid and phosphoric acid to remove the nick- 
el and copper, and phosphoric acid to remove the 
tianium. The wet etching method is used because 
a dry etching win cause the bump electrode to be 
easily etched. 

Subsequently, the solder bump is melted by a 
heat treatment to form a semi-spherical bump 8 
having a diameter of about 150 am. A gold (Au) 
bump may be formed instead of the solder bump, 
by a method similar to the above-mentioned pro- 
cess. 

In the above mentioned method for forming the 
bump 8, the barrier metal film 6 is interposed 
between the electrode 2 and the bump 8 so that 
the bump 8 does not react with the electrode 2. 
Also the barrier metal film is used as a plating 
conductive layer, as explained above. 

in the etching of the barrier metal film 6 using 
the solder bump 8 as a mask, a side etching is 
carried out in a lower portion of the bump 8 as 
Shown in Figure 1D. since in the lower portion of 
the bump, the flow of the plating liquid becomes 
uneven and an electrolytic corrosion may occur 
between the bump 8 and the barrier metal films 6. 
This deteriorates the adhesive properties between 
the bump 8 and the aluminium electrode 2, and the 
bump 8 can be easily separated from the etched 
barrier metal film 6. 

Figures 2A to 2E are cross-sectional views 
explaining the steps in a first example of the 
present invention. 

The structure shown in Fig. 2A is formed by 
the same steps as shown in Rgs. 1A to 1C for 
producing a conventional semiconductor device. 
Then, according to the present invention, a second 
resist film is formed on a barrier metal film 16 and 
patterned to form a second resist pattern 17 having 
a groove 18. as shown in Fig. 2B. In Rgs. 2A to 
2E. reference numerals 11. 12, 13. and 15 show a 



semiconductor substrate, an aluminum electrode, a 
PSG film, and an opening, respectively. The region 
inside the groove 18 is bump region on which a 
bump is to be formed, and is hereinafter called a 

s bump formation region. 

As shown in Fig. 3, the groove 18 is formed so 
that It surrounds the bump formation region, and 
therefore, the barrier metaJ film 16b in the bump 
formation region is not electrically connected to the 

10 barrier metal film 1 6a positioned outside the groove 
18. 

Then, as shown in Rg. 2C, an electroplating 
process is carried out using the barrier metal 16a 
as a cathodOi so that for example, gold (Au) 20, is 

76 buried in the groove 11. In the first stage of the 
electroplating, the deposition of the gold 20 is 
started from the end of the barrier metal 16a and 
expanded to reach the barrier .metal 16b, so that 
the barrier metaJ 16b is connected to the barrier 

20 metal 16a. The plating is advanced then expanded 
to cover the entire cross section of the groove 18. 
The width of the groove 18 is preferably about 5 
urn. A resist pattern 17 is then formed so that the 
region except for a bump formation region is 

25 masked. Then, as shown in Rg. 2D a mushroom- 
shaped bump 14 is formed on the barrier metal 
16b and gold 20 by a plating process. 

Rnally, as shown in Rg. 2E, the resist pattern 
14 and the barrier metal 16a are removed by an 

30 etching process. During this etching of the barrier 
metal 1 6a, although the bump 22 is slightly etched 
at the side thereof, further etching of the bump 22 
is stopped by the gold 20. Namely, the gold 20 
acts as a stopper. 

35 Figures 4A to AC and Rg. 5 are cross-sectional 

views explaining the steps in a second and a third 
example of the present invention, and Figure 6 is a 
schematic plan view relating to Rgure 4A. 

In the second example as shown in Rgs. 4A to 

40 4C, a part of the barrier metal layer 16 is not 
etched during the etching of the barrier metal layer 
16, so that the remaining barrier metal layer 16 can 
be used as an electric path. 

As shown in Rg. 4A the barrier metal layer 16 

45 is formed by two layers 16c of Ti and 16d of Pd or 
Ni/Cu. 

When a groove is formed by using the resist 
pattern 17, only the Pd or Ni/Cu layer is removed 
and the Ti layer remains. Then, as shown in Rg. 

50 4B, a stopper 24 of Au or solder is plated in the 
groove 18, and as shown in Rg. 4C, a bump 22 is 
formed by a plating process at a non-masked posi- 
tion. Rnally, the resist pattern 17 and the exposed 
barrier metal 16d and 16c are removed by an 

55 etching process. The stopper 24 prevents etching 
of the inside barrier metal 16 during this process. 
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Note, the process shown in Fig. 4B may be 
omitted. Namely, after forming a groove 18 as 
shown in Fig. 4A, the bump 22 can be plated by 
using the resist pattern 17 as a mask, since an 
electric path is formed by the Ti layer 16c. Thus, 
the bump metal is buried in the groove 18 of the 
barrier metal 16c and the buried metal acts as a 
stopper. 

Figures 7A to 7D show cross-sectional views 
explaining the steps in a fourth example of the 
present invention. 

In this example, after forming the structure 
having a groove 18 shown in Fig. 25, the resist film 
pattern 17 is removed. 

Then as shown in Rg. 7A a solder film 25 
about 5 urn thick is formed over the entire surface 
by a vapour deposition process. Subsequently, as 
shown in Fig. 7B, a resist pattern film 26 is formed 
only above the aluminum electrode 12, and the 
solder film 25 is etched using the resist film pattern 
26 as a mask. The etching process is carried out 
by a wet etching using a mixture of ethylene dia- 
mine tetra acetic acid, hydrogen peroxide, and 
ammonia. 

The resist film pattern 26 is then removed, as 
shown in Fig. 7C. and a resist is formed over the 
entire surface and patterned to form a resist film 
pattern 27 in such a way that the opening 15 
appears only over the aluminum electrode 12. 
Then, a solder bump 28 having a thin thickness of 
about 100 urn is formed on the solder film 25 by 
plating. In the plating process, the barrier metal film 
16 and the solder film 25 are used as conductive 
layers for the electroplating. 

Then, the resist film pattern 27 is -removed, as 
shown in Rg. 7D, and an exposed barrier metal 
film 16 is removed by etching. During this etching, 
the solder film 25 in the groove 18 acts as stopper. 

Finally, the structure is heated at 400°C and 
the solder bump 22 is completed. 

Figures 9A and 9B are cross-sectional views 
explaining the steps in a fifth example of the 
present invention. 

In the fifth example shown in Figs. 9A and 9B 
the bump plating is carried out twice. Then as 
shown in Fig. 2B, after the groove is formed, the 
resist film pattern 17 is removed. 

Then, as shown in Rg. 10A, a bump film 29 is 
formed and patterned so that the bump film 29 is 
formed only above an aluminum electrode 12. by 
using a resist 30. Gold may be used as the bump 
film material. The thickness of the bump film 29 
may be very thin if the bump film 29 is to be used 
as an electric path in the subsequent bump plating 
process. 



Then, as shown in Rg. 9B, the resist 30 is 
removed and the bump 31 is plated. Since in this 
plating the entire bump film 29 becomes a cath- 
ode, the bump 31 is thickly formed. 

5 Rgs. 10A to 10B' are cross-sectional views 

explaining the steps in a sixth example of the 
present invention. 

The structure shown in Fig. 2B is formed, and 
then a resist pattern 32 is formed and a bump 31 is 

io plated as shown in Fig. 1 0A. The outer end of the 
barrier metal 16 is surrounded by a leg 31a of the 
bump 31. Therefore, even if the leg 31a of the 
bump 31 is slightly melted during the etching of 
the barrier metal 32, as shown in Fig. 10B, the 

75 barrier metal 32 is not etched because the leg 31 a 
acts as a stopper. 



Claims 

20 

1. A method for producing a semiconductor 
device comprising the steps of: 

forming an insulating layer (13) on a semicon- 
ductor substrate (11) provided with an electrode 
25 portion (12), 

forming a barrier metal layer (16) over its 

entire surface, 

forming a bump (22) on the barrier metal layer 
(1 6) positioned over the electrode portion (1 2), and 
30 removing the barrier metal layer (18) using the 

bump (22) as a mask, 

characterised by the additional steps of. 
forming a groove (18) in the barrier metal layer 
(16) so that it surrounds the electrode portion (12), 
35 and 

filling the groove (18) with a stopper material 
(20), the stopper material (20), preventing removal 
of the barrier metal layer (16b) inside the stopper 
material filled groove (1 8) during the removal of the 
40 barrier metal layer (16a) outside the groove (18). 

2. A method according to claim 1, wherein the 
insulating layer (13) is composed of phospho-sili- 
cate glass or silicon dioxide. 

3. A method according to claim. 1 or 2, wherein 
45 the electrode portion (12) is composed of alumin- 
ium. 

4. A method according to any one of the pre- 
ceding claims, wherein the barrier metal layer (16) 
is composed of layers of titanium, copper and 

50 nickel. 

5. A method according to any one of the pre- 
ceding claims, wherein the groove (18) is formed 
by wet-etching the barrier metal layer (16). 

6. A method according to any one of the pre- 
ss ceding claims, wherein the stopper material (20) is 

formed by fusing gold or solder in the groove (18). 
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7. A method according to any one of claims 1 
to 5, wherein the stopper material (20) introduced 
into the groove (18) by a plating process. 

8. A method according to any one of claims 1 

to 5. wherein the stopper material (20) is intro- 5 
duced into the groove (18) by the steps of: 

forming a bump layer (25) on the barrier metal 
layer (16) and filling the groove (18) by plating with 
the bump material, 

removing the barrier metal layer (16) posi- jo 
tioned outside the groove (18). 

9. A method according to daim 7 or 8. wherein 
the bump (22) includes a depending leg portion 
(31a) which fills the groove (18) to form the stopper 
material. 
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Fig. 2 A 
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Fig. 2B 
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Fig. 2D 




Fig. 2E 
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